Objective. The aim of the present study was to evaluate the effect of a high-speed telemonitoring project for older people with chronic disease in a regional Australian town. Participants' vital signs were monitored and triaged daily by a telehealth nurse.
provided an opportunity to test the efficacy of Telehealth technology as a way to keep older people independent in their own homes longer 7 and to reduce emergency hospital admissions. 5 Telehealth has been shown to improve health outcomes [8] [9] [10] [11] and reduce health service use in specialities such as chronic heart failure, respiratory conditions and diabetes management. 8, 9, 12, 13 In chronic heart failure, there is evidence that telemonitoring not only reduces hospital admissions, but may also be effective for disease management in high-risk patients. 10 Other studies have shown that telemonitoring is associated with lower rates of mortality for patients. 5, 8, 14 For people with diabetes, Telehealth programs have resulted in patients making fewer clinic visits 7 and having considerably fewer hyperglycaemic and hypoglycaemic events.
One of the most important aspects of telemonitoring is the direct involvement of patients in their health care. Telemonitoring can increase patients' knowledge and awareness of their health condition 15, 16 and improve self-management behaviours. 17 It has the potential to empower and motivate individuals, giving them greater control over their disease management. [18] [19] [20] [21] However, a review investigating the role of knowledge, self-efficacy and self-care behaviour in Telehealth patients with heart failure concluded that there was insufficient evidence to support or disprove that clinical outcomes and quality of life are affected by these factors. 22 This paper reports the findings from the evaluation of an NBN Telehealth trial of Feros Care's My Health Clinic at Home (MHCAH) system. The aim of the evaluation was to explore the extent to which the NBN could enable health services to be delivered in the home and affect patients' chronic disease management.
Methods

My Health Clinic at Home
The MHCAH virtual case management model involves homedwelling older people undertaking remote daily monitoring of their vital signs and well being supported by video conferencing with health professionals, community, family and friends.
In each participant's home, a Wi-Fi router (using 802.11n) was used to deliver wireless connectivity to the home working on both 2.4 and 5 GHz frequencies. All participants recruited to the study were provided with a computer tablet, with highdefinition 720p camera for videoconferencing. Customised patient care peripherals were attached to these devices using short wavelength radio transmissions (Bluetooth over 2400-2480 MHz frequency). All participants were trained by an information technology (IT) technician in the use of the touchscreen tablet, peripherals to undertake vital signs readings and videoconferencing with the Telehealth nurse (THN). Depending on the computer experience and skill level of the client, installation and training took between 2 and 4 h.
The peripheral devices available were blood pressure monitors, pulse oximeters, glucometers, thermometers and weight scales (Fig. 1) . Client well being was monitored daily using a routine client 'interview'. The interview consisted of a prompted online script that directed the client to take their vital signs and respond to a set of 'well being' questions. The client interview was then uploaded to a secure database for triage by a THN using ICP Triage Manager software (Tunstall Healthcare; http://www.tunstallhealthcare.com.au/solutions/triagemanager, accessed 3 March 2015) in which a traffic light (green, amber, red) array expedited client triage. If a participant's readings were outside the parameters set by their general practitioner (GP), they would be contacted by their THN by videoconference. The THN video consultations with participants provided disease-specific health information and general chronic disease management advice. In addition, participants were offered the opportunity to participate in group videoconference programs on health literacy and self-management skills 23 and videoconferenced social chat groups. Feros Care sent participants' GPs monthly trend reports summarising their vital signs readings by either email or fax.
Methodology
The evaluation approach was constrained by a very tight time frame for the overall project (initially 12 months, but subsequently extended) and the need to recruit participants who fulfilled specific selection criteria and had access to the NBN. Consequently, it was not possible to include a control group, so a mixed-methods prospective uncontrolled longitudinal study design was used to capture learning on the processes of implementation and the effect of the project on clients. Data sources included surveys with service users and providers, pre-and post-test clinical data and audit data.
The target inclusion criteria for the study were adults aged !50 years with at least one chronic disease, access to the NBN, the cognitive ability to perform the readings and the physical ability to use the equipment. One younger participant (<50 years) was recruited towards the end of the project. Most participants were from the Coffs Harbour, New South Wales (NSW) local government area. Participants were recruited to the trial between April 2013 until June 2014 using a range of strategies, including newspaper advertisements, referrals from health professionals, letter box drops and presentations to community groups. Most participants used the NBN platform; however, because of a change in Government strategy towards the end of the project, a small number of participants using 3G and 4G Internet connections were recruited from the Gold Coast, Queensland, and the Far North Coast of NSW. Prior computer experience was not necessary. An NBN client survey was completed when participants were admitted and discharged from the study. This survey included two validated measures: the General Self-Rated Health (GSRH) question 24 and the Self-Efficacy for Managing Chronic Disease (SEMCD) 6-item scale. 25 The GSRH is a single question that asks participants to rate their health as excellent, very good, good or poor. It is a widely used tool and a strong predictor of mortality. 26 The SEMCD was derived from several self-efficacy scales developed for the Chronic Disease Self-Management study. 27 Participants are asked how confident they feel in different aspects of disease self-management using a 10-point scale (from not at all confident to totally confident).
In addition, the NBN client survey incorporated service user questions developed and used in a previous Telehealth survey. 28 The survey was completed via an interview with a Feros Care staff member who was also responsible for providing support and training, as well as decommissioning the technology at the end of the trial.
A second survey, the client experience survey, was developed from the findings of in-depth interviews with 20 clients and a literature review. A single survey was mailed to all clients in April 2014; non-respondents were followed up by telephone and, where necessary, the surveys were completed by telephone. Ethics approval was obtained from the Southern Cross University Ethics Committee (ECN-13-056).
Data analysis
All survey data were entered manually into SurveyMonkey by a study administrator and then exported into an Excel (Microsoft, Redmond, WA, USA) spreadsheet, where they were used directly or transferred into IBM SPSS Statistics Version 21.0 (IBM Corporation, Armonk, NY, USA). The data were analysed descriptively, with paired continuous data analysed using Student's t-test. Changes in categorical variables (specifically health service use) were analysed using the Chi-squared test. Significance was set at P < 0.05. Unless indicated otherwise, data are presented as the mean AE s.e.m.
Results
Two hundred people were recruited to the trial; of those, 181 were sent the NBN client survey and client experience survey. The remaining 19 people were recruited during the last 3 months of the trial period and did not complete these surveys because of the short time period of their involvement and data collection. Most participants were connected to the NBN and recruited from the Coffs Harbour-Sawtell region (n = 148; Fig. 1 ).
Participants ranged in age from 48 to 98 years (mean (AE s.d.) 74.8 AE 8.2 years), most were female (58.5%), lived with their partner or family (63.5%), were non-Indigenous (83.5%) and spoke English as a first language (97%; Table 1 ). The most commonly reported chronic conditions were high blood pressure (56%) and heart problems (33%; Fig. 1 ). Clients reported up to six different health conditions, with most (31%) reporting two health conditions (Table 2) .
Participants used up to five different types of peripheral devices, the most common being the pulse oximeter and blood pressure monitor. Most participants (48%) used three different types of vital signs monitoring equipment (Fig. 2) .
NBN client survey
The NBN client survey included questions asking participants about managing their chronic condition, health service use and general health.
There was a significant improvement in the GSRH question across the cohort of 0.30 AE 0.80 (95% confidence interval (CI) 0.16-0.44; 119 d.f.; P < 0.001), with more participants reporting No. participants that their health was excellent or very good at the end of the study (Fig. 3) . There was an improvement in the SEMCD (Table 3) ; P = 0.045) in the overall self-efficacy summary score. Self-reported health service use showed a decline in the number of GP visits (Fig. 4a, c 2 52.851; n = 122; 12 d.f.; P < 0.001), emergency department admission ( Fig. 4b; c   2 14.950; n = 122; 6 d.f.; P = 0.021) and admissions to other (non-local) hospitals ( Fig. 4c; c 2 61.44; n = 118; 12 d.f.; P < 0.001). However, there was no significant difference in admission rates to the local hospital ( Fig. 4d; 
Client experience survey
Most people said that the reason they participated in the MHCAH system was to identify health problems before they become serious (65%), better manage their own health (58%), receive better information about their own health (53%) and for reassurance that someone is keeping an eye on them (51%).
Based on results of the client experience survey (Table 4 ) these expectations were largely met. Participants reported that as a result of participation in the study they could better manage their own health (48%), had access to better information about their own health (48%), had less frequent doctor visits (24%) and that their doctor had better information to help with the ongoing management of their health conditions (44%). In addition, nearly one-third of clients (31%) said that they worried less about their health and 25% were more confident discussing their health conditions with their doctor as a result of their vital signs monitoring.
Other benefits that participants attributed to their involvement in the MHCAH system included going out more (15%), medication changes (16%), positive dietary changes and understanding (34%), eating more fruit and vegetables (28%), drinking more water (39%), increased physical activity (33%) and a better understanding of their vital signs monitoring (47%; Table 5 ).
Approximately equal numbers of experienced (35%) and novice (35%) computer users participated in the trial (Table 6 ). The remaining participants (27%) reported a moderate level of confidence with computer use. Most participants had never used videoconferencing facilities before the trial (74%).
Discussion
The study participants reported a significant increase in their general health and their self-efficacy to manage their chronic diseases during their trial participation. In line with other studies, the data suggest that the use of telemonitoring is associated with reduced frequency of visits to hospitals, 7, 16, 29 the emergency department 30 and general practice.
Despite their older age and varying levels of technological experience and literacy, participants found the technology easy to use and were able to adhere to daily telemonitoring. 8, 31, 32 Clients derived a sense of security and better information to manage their own health 8, 33 and found the technology facilitated communication with their health practitioners. Consequently, clients were more empowered and had a better understanding of their health conditions. 34, 35 The reasons for these effects were multifaceted, but we suggest two key mechanisms (Fig. 5) . First, the self-monitoring of vital signs by clients led to better knowledge and understanding of their health conditions, resulting in positive behavioural changes that enhanced their health outcomes. Clients were responsible for taking their vital signs and were in control of using the equipment. They were exposed to vital signs readings on a daily basis, as opposed to usual care, where often only the health practitioner knows the results of the readings taken when patients visit a clinic setting. Other studies have demonstrated the self-regulatory effect of self-monitoring interventions. [36] [37] [38] In addition, participants had easy access to a THN to explain the readings as well as to provide timely advice on health promoting and self-management behaviours. The THNs were able to provide advice, taking into consideration the idiosyncrasies and knowledge of the patient they acquired over time. 39, 40 We suggest that this resulted in greater tailoring of health information from the THN, as well as improving participants' knowledge and understanding of the relationship between their health behaviour and their vital signs readings. The increased knowledge and understanding of their condition led to participants increasing positive behaviours, such as eating more fruit and vegetables, drinking more water and increasing physical activity. The effects of the positive behaviours could be easily tracked by participants because their vital signs readings were performed daily and they could clearly see the benefits of changing their behaviour. The use of Telehealth to enable participants to clearly link improved health behaviours and improved health outcomes may provide important motivating influences on self-care behaviour.
The second key mechanism in improving clients' health behaviour was the external monitoring (surveillance) of clients by the THN, which resulted in early intervention when a potential health problem was identified. Although it could not be quantified in this project, this was likely to have reduced more serious consequences arising from a delayed intervention. There was also a likely interaction between the self-monitoring and external surveillance, resulting in reinforcement of client self-monitoring behaviour and a perception of social support for the clients. Further research is needed to test these assumptions.
A review of older patients using Telehealth concluded that studies that included personal contact between the patients and a healthcare provider showed better results compared with studies without personal contact. 41 However, THNs may perceive that patients are integrating information into their daily care, whereas patients report they are not. 42 The present study suggests that patients do integrate the information into their daily care, but further research is required to understand the optimum communication mechanisms to enhance health behaviours through telemonitoring.
The MHCAH trial was a highly ambitious trial and although the study demonstrates feasibility, the authors acknowledge there are limitations to this longitudinal study. First, without a control group, our ability to draw causal links was limited. Second, the short time frame of the trial meant that longer-term follow-up was not captured. Third, because of the tight recruitment time frames set by the funders and the limited geographic coverage of the NBN, participants were self-referred rather than recruited through traditional sources, such as through health professionals and hospitals. Participants were motivated by several factors, including wanting to better manage their health. Approximately one-third of participants were experienced computer users. There was a likely degree of self-selection bias among participants, who were conceivably more technically literate and engaged that the wider population. Therefore, these results relate to willing participants who are motivated to use new technology to enhance their health and did not have any significant reservation about monitoring or surveillance through a telecare system. 43 However, it is important to understand which patients would most likely benefit from telemonitoring 44 because attempting to use telemonitoring with older participants who do not want to use telemonitoring could result in ineffective health care and inefficient use of scarce resources. 45 Telehealth is believed to provide the opportunity to empower and motivate patients to gain greater control over disease management. 19, 40, 45 However, little is known about the processes by which telehealth may do this. 22 The present study provides insights into the mechanisms by which patients can be more engaged with their health care and self-management, which can lead to a better understanding of their condition, improved health behaviours and improved self-management, as perceived by the patient.
Telemonitoring is a rapidly growing area for patients with chronic conditions. It has the potential to reduce healthcare use, improve patients' understanding of their vital signs and the effect of their health behaviours. Telemonitoring in conjunction with tailored health messages can increase health promoting behaviours.
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